shown the importance of timing as homeotic transformations were observed (Gé rard et al., 1997), even if the appropriate spatial expression boundary was reestablished later (Zá ká ny et al., 1997). It is thus critical for proper patterning that these genes be faithfully activated 
. In this paper, we show a transient and dynamic Hoxd1 expression in emerging somites. In contrast, stabilization of Hoxd1 transcripts, obtained in a novel Hoxd1/lacZ allele, generated a more stable and extended expression pattern that resembled a generic Hox pattern. We provide evidence that other Hox genes also respond to bursts of transcriptional activation in presomitic mesoderm, and suggest that this pattern may be a general feature of this gene family, which remained previously obscured by a basal transcriptional level of stable mRNAs. The coincidence between these bursts of Hox gene activation and the dynamic expression of members of the Notch signaling pathway suggested that Hox genes are under the influence of the segmentation clock. Analysis of RBPJk mutant mice further indicated that a molecular mechanism associated with the seg- mites, from early stages until late tailbud ( Figures 1A  and 1B ). This novel feature appeared very dynamic, as various patterns were scored within the same litter due stripe in SI was readily visible. In type 4 embryos (39 cases), while the band in S0 declined in intensity, the to subtle differences in the developmental time of littermates.
signal in S-I became sharper due to the loss of expression in the posterior half of the previous domain. Signal Staining more than a hundred E9 embryos (9 to 30 somites) with Hoxd1 allowed us to sort most specimen in SI was visible only after prolonged staining. In most instances, the intensity of the SI stripe in type 1 animals into one of four groups (type 1 to type 4), based on the expression pattern in anterior PSM ( Figures 1A and 1B) . appeared stronger than either the S0 or S-I stripe in type 4. Type 1 embryos (18 out of 129) showed a stronger stripe in S0, whereas a weak second band was routinely seen In order to precisely assess the Hoxd1 expression profile, we compared it with that of Mesp2 (Saga et al., in SI. Type 2 embryos (21 cases) were as type 1, but a more posterior band (S-I) with a broad and weak staining 1997). Mesp2 generally displays a single stripe located at a distance of one somite length posterior to the transiappeared. In type 3 embryos (34 out of 129), the S-1 stripe became predominant over that in S0, whereas the tion between PSM and condensed somites (S-I entire Figure 2D ). In the latter three cases, the formation of the next intersomitic boundary was clearly detected. The results obtained in these one-hour incubation experiments were ordered to depict the sequence of Hoxd1 profiles during a full segmentation cycle ( Figure  2D ). This indicated that the period of the cycle, i.e., the time between two bursts of activation in S-I, was of approximately two hours, in agreement with that observed for the mouse Lunatic fringe (Lfng) gene (Forsberg et al., 1998). Early on, the Hoxd1 signal was generally absent in S-I. It then appeared as a weak and broad stripe to further sharpen in the last phase of the cycle. Rostral to this band, a novel intersomitic boundary formed. During this step, the Hoxd1 stripe in anterior S-I compare the three type 1 patterns in the bottom of the using E9.5 embryos. Under these conditions, Hoxd1 sigpanel). This increase in intensity in S0 was detected nal in SI was not observed, due to reduced staining time.
2A-2C
near the time when activation started in the S-I domain. Twenty-six embryos showed Hoxd1 staining in lateral This indicated that Hoxd1 expression was progresposterior mesoderm and were again assigned to either sively restricted to the rostral half of the first presumptive one of the four types of staining previously described. somite (S0). As some members of the Notch signaling In the first, a single Hoxd1 stripe was predominant in S0, pathway, in addition to Mesp2, display dynamic expreswith little Mesp2 signal visible (Figure 1 ). In the second, sion profiles in S-I, we compared the expression of Mesp2 staining was detectable posterior to the Hoxd1 Hoxd1 with that of Lnfg. This comparison also helped band in S0 and colocalized with a weak incipient, more to determine the time of intersomitic boundary formation posterior, Hoxd1 band. In the third group, the Mesp2 in an independent manner. We analyzed Hoxd1 and band was present, but overlapped by a broad and strong Lfng, either in bisected embryos without incubation, or posterior Hoxd1 band in S-I. In the last group, both in double Hoxd1/Lfng WISH. In PSM, Lfng has a dynamic Mesp2 and Hoxd1 bands were narrower, overlapping in expression pattern, characterized by five different the anterior half of S-I. Never did we see Hoxd1 signal stages over the time required for two consecutive intercaudal to the Mesp2 stripe, suggesting that Figure 5B ). ␤-gal accumulation was detected as early as E8, as predicted from endogenous Hoxd1. At six to strongest as the expression swept through the S-I region. The progression of this strong band was accompaten somite stage, the strongest signal was detected in cells at the lateral edge of the primitive streak, extending nied by the appearance and subsequent narrowing of the Hoxd1 stripe ( Figure 3A , panels marked as type 3 to the level of the somitogenic region. These cells formed the lateral plate and the intermediate mesoderm. turning into type 4). Nonetheless, the most characteristic patterns were complementary, with Hoxd1 marking the The neural plate and axial mesoderm were negative. In PSM, one somite length from the nascent somite, anterior and Lfng the posterior of S0 in type 4 embryos. This comparison was refined by double WISH, with Lfng a stripe of staining formed and a similar band was observed at the anterior edge of the presomitic region, in red and Hoxd1 in blue, which illustrated coexpression of both genes in types 2 and 3, in the S-I domain in containing the most anterior somitomere. In more anterior somites, ␤-gal activity was maintained up to rostral particular. The two panels in Figure 3B show examples of type 3 and type 4 patterns, corresponding to an initial levels ( Figures 4D and 4E) . Staining of these maturing somites suggested a continuous basal transcription of coexpression of both genes in the same S-I cells. Soon after, as signal intensity dropped in the posterior of the Hoxd1 in anterior somitic mesoderm, which must have 
Cyclic Transcription Is Not Restricted to Hoxd1
Expression of the TgH[d1/lac]Ge allele thus appeared different from that of endogenous Hoxd1. LacZ staining remained undetected with Hoxd1 WISH, due either to the increased stability of the fusion protein or to a stabiin somitic mesoderm, however, was reminiscent of a generic Hox expression profile, raising the possibility lized chimeric RNA. To discriminate between these two possibilities, we carried out WISH using a lacZ RNA as that a higher stability of other Hox transcripts might have previously hindered the detection of their dynamic a probe. The lacZ RNA pattern was distinct from that transcription in PSM. Consequently, we reevaluated the surrounding genomic sequences, suggested that a "segmentation stripe enhancer," potentially acting over expression of Hoxd3, the gene located immediately 5Ј to Hoxd1 (Figures 5A-5C ). In E8 embryos, as for Hoxd1, at least Hoxd1 and Hoxd3, was also able to control the Hoxd11 or Hoxb1 promoters. Hoxd3 was activated in every nascent somite, with a burst of transcription generating a stripe of expressing cells. In contrast to Hoxd1, however, expression was Hox Genes and the Segmentation Clock The correspondence in time and space between the still detected in each of the previously formed somites. In the cervical region, Hoxd1 was not seen in posterior cyclic activation of anterior Hoxd genes and that of both Mesp2 and Lnfg, two genes involved either in the seg-PSM, whereas Hoxd3 showed weak and variable expression. As somitogenesis proceeded into the thoracic mentation clock itself, or in the coordination of its response, raised the possibility that the segmentation and more posterior regions, the transitory Figure 5C ). In this latter case, we analyzed embryos lacking one copy of Hoxd3, as the correrior PSM was severely reduced, when not absent, in RBPJk deficient embryos ( Figures 7A and 7B) , sugsponding decrease in signal intensity made the stripes more apparent. Therefore, despite opposing patterns in gesting that the activation of Hoxd genes during segmentation required the Notch pathway. Other sites of the hindbrain and differences in transcript stability in maturing somites, both Hoxd1 and Hoxd3 showed reexpression, such as lateral plate mesoderm for Hoxd1 or the central nervous system for Hoxd3, were not grossly lated patterns of dynamic transcriptional activation during segmentation, suggesting the existence of a shared affected by the RBPJk loss-of-function. In contrast, Hoxd3 expression in most posterior PSM, caudal to the regulatory mechanism. Anterior genes belonging to other clusters were also analyzed for their expression stripes, was also abrogated in the absence of RBPJk function ( Figure 7B ). Because Hoxd3 was as sensitive in the segmenting region of the mesoderm. Both Hoxa1 and Hoxb1 showed a clear enhancement of their expresto RBPJk deprivation as Hoxd1, even though it gave stable messenger RNAs in wild-type embryos, this effect sion at the same positions ( Figures 5D and 5E ), whereas expression in already segmented somites was either likely occurred at the transcriptional level. Whenever stripe-like signals were seen in these mutant animals, very weak or not detected at all, suggesting that similar mechanisms may be at work in other Hox complexes. stripe enhancer may be somehow related to the process These latter genes were proposed to be part of, or tightly involved in the early determination of Hox gene accessilinked to, the molecular oscillator underlying the segbility. We are currently trying to localize and further charmental clock. Mutations of genes in the Notch pathway, such as the Notch genes themselves, Delta-like genes, acterize this element.
Hox Genes and Segmentation? 
